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A HUMAN KDNITZ-TYPB PROTEASE INHIBITOR VARIANT 
"ELD OF INVENTION 



5 



**• P«s«nt invention raiates to a variant fl f „ * 

typ« protease imiku _ variant of a human Xunitz- 

containlna th. t«>«MC«rtlcMi eo»po.itlon 



containing th. variant. 
10 BACKGROUND OP THE XHVZMTION 



*ly»orphonuel.ar Lukocyt.. („.»trophii. or „„„ . 
^n»cl.ar ph.,ocyt.. ...nocyt.., pl . y P „ iJrtJTpart „ 

InTlL, ^' e,U ' ttn «» M— to th. .it. ., 

n,utrephil elMta -' • - 

! -"•"'pr.t.m... (TIMP) . ra . ^ MChanira 

or t£!, y alUel<, "«'' b « it Is Ufc.lv ^ oxiaation 

" thiol "r^p, ^ /or prot . olv . u pliy . ^ J^ 1 

30 

in th. .Mrophu , r „ u i.. of th. l.u*o=yt.., th. .«!„. 
pr»t„,.. - -t»**U .l..ta TO , c .th.p.in . and prot.i M ..-t at 
Z ' ' ' '" SyM * CM,pl ' I " d Jlucoauinoolycan.. 

,s ™":„T h p ;r ct : ,r > ut «— « t0 

>«T *"* y " 10 «>. prot as. activity 

iT.T"*. « th. inhibitor. «,-prote 1 na. inhibitor £-2,' 

How.vr, th. ran. .r. abl. to lnaotivat. th inhibit r. locally. 
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Thus, 0,-PI which is the aost important inhibitor of neutrophil 
elastase is sensitive to oxidation at the reactive centre (Met- 
358) by oxygen metabolites produced by triggered FMNs. This 
reduces the affinity of a, -PI for neutrophil elastase by 
5 approximately 2000 times. 



After local neutralisation of a,-PI, the elastase is able to 
degrade a lumber of inhibitors ' of other proteolytic ensymes. 
Elastase oleaves a, -OH and thereby promotes cathepsin C 

10 activity. It also cleaves TDSP, resulting in tissue degradation 
by netalloproteinases. Furthermore, elastase cleaves 
antithrombin III and heparin cof actor II, and tissue factor 
pathway inhibitor (TFPI) which probably promotes clot formation. 
On the other hand, the ability of neutrophil elastase to degrade 

15 coagulation factors is assumed to have the opposite effect so 
that the total effect of elastase is unclear. The effect of 
neutrophil elastase on fibrinolysis is less ambiguous. 
Fibrinolytic activity increases when the elastase cleaves the 
plasminogen ectivator inhibitor and the 14 plasmin inhibitor. 

20 Besides, both of these inhibitors are oxidated and inactivated 
by 02 metabolites. 

PHNs contain large quantities of serine proteases, and about 200 
mg of each of the leuXocyte proteases are released daily to deal 

25 with invasive agents in the body. Acute inflammation leads to a 
many-fold increase in the amount of enzyme released. Under 
normal condition., proteolysis is kept at an acceptably low 
level by large amounts of the inhibitors a, -PI, a r <2U and a 2 
macroglobulin. There is some indication, however, that a number 

30 of chronic diseases is caused by pathological proteolysis due to 
overstimulation of the PMNs, for instance caused by autoimmune 
response, chronic infection, tobacco smoke or other irritants, 
etc. 

35 Apr tinin (bovin pancr atic trypsin inhibitor) is known to 
inhibit various serine proteases, including trypsin, 
chymotrypsin, plasmin and kallikrein, and is used 
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10 a^e^L™ " ^ =,rdi,C including 

o.Tdlopul^n.ry byp^, op«r.tion. (e( . , ^ 

T Pr * Vi ° U,ly *«on.t«t^ ,cf. R.R. vln^ 
15 ^t ««T ' fll "' Tl|t,rMt ™ P- »=) 

«a » inhibitory .„.« on collagen..., .protinin (1 -5., 

20 «ZL • Xhmt " ~ ** C ' ll « Bt >»«ikr.in inhibitory 

««.Ct (cf . WO 19/10374) . 

h«r. r ' T ~ talni "«' a J*». »P»tini„ h„. b..„ round to 

^rnLf™™' T "'" |l1t0r " f nrnt " " E - «— 1. in 
v.rh««u„n,.» d.r D.ut.chen S ... 1 i. ch . ft far lnMr . 

"J 19 ™""' B «9"»n. »a»ch.„, »„, pp. 1S1S . 1614) . ra . 
».pbxoto*icity (i... .ppwrin, in tt . forB or lMioM) obMrvad 

30 in« f * 1,ht * " eribed t0 °" 'Elation of .protinin 

SouL? °* aprotinln «°«« " to b. 

^ «•» -«•"*«» charged .urf.ce. of tulmli .. rhl , 

3S ^ ; "r" 1 ™ 1 " 1 quirin « ■^"i'tr.ti n of l.rg. 

op. r .tion.) . Bwidw, .protinin i, . „„,!„. p^t,, My 
tb«.for. oont.in n. r more epitop . which say giv r l«. to an 
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undesirable immune response on administration of aprotlain to 

ft irmwn a , 

It is therefore an object of the present invention to identify 
5 human protease inhibitors of the same type as aprotinin (i.e. 
Xunitz-type inhibitors) with & similar inhibitor profil* or 
modified to exhibit a desired inhibitor profile. 



10 



15 X 1 



SUMMARY OF THE INVENTION 

The present invention relates to a variant of human Kunitz-type 
protease inhibitor domain III of tissue factor pathway inhibitor 
(TFPI) , the variant comprising the following amino acid sequence 

A S er Trp Cys Leu Thr Pro Ala Asp X* Gly X s Cys X* X 5 X* x' X* X? 
Phe Tyr Tyr Asn Ser Val He Gly Lys cys Arg Pro Phe X 10 Tyr X 
Gly cys X 12 X 15 X u Glu Asn Asn Phe X 15 Ser Lys Gin Glu cys Leu Arg 
Ala cys Lys Lys X 16 (SBQ ID No. l) 

20 wherein X 1 represents H or 1-5 naturally occurring amino acid 
residues except Cys, X*-X« each independently represents a 
naturally occurring amino acid residue except Cys, and x 
represents OH or 1-5 naturally occurring amino acid residues 
except Cys, with the proviso that at least one of the amino acid 

25 residues X 1 -X 14 is different from the corresponding amino acid 
residue of the native sequence. 

in the present context, the term -naturally occurring amino acid 
residue" is intended to indicate any one of the 20 commonly 
30 occurring amino acids, i.e. Ala, Val, Leu, He Pro, Phe, Trp, 
Met, Gly, ser, Thr, Cys, Tyr, Asn, Gin, Asp, Glu, Lys, Arg and 
Eis. 

TFPI, als known as extrinsic pathway inhibitor (EPI) or 
35 lipoprotein associated coagulation inhibitor (LACI) , has been 
isolated by Broze et al. ( PTftf , Nitl- flffl l fl* SQ i , VSh 1987 ' 
pp. 1886-1890 and EP 300 988) and th gen coding for the 
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proton has been cloned, cf . EP 318 451. Analysis of the 
-eccndary . trU ctur. of the protein ha. shown that £ protein 
ha. three Kunitz-type inhibitor do.ai„., fro. a^no acid" to 

iTf ™ T ^ ^ aCid 242 • ^,-type diain 

i of TFPI ha. h.« shown to bind TF/FVlIa, while Kunitr-type 
domain II ha. been shown to bind to FX* (Girard et al., Nature 
122, 1M9, pp. 518-520). 

0 By substituting on. or .ore a»i„o aoid. in one or .ore of the 

r!^!* 8 inalcat ' d above ' " «y * Pos-ible to change the 
inhibitor profile of TFPX Kunitz-type do..i» m BO ^ lt 

preferentially inhibit, neutrophil elastase, cath. P .in G and/or 

S va^"'l PUrth#rB0 "' At «* * *>«ible to construct 
variants which specifically inhibit enzy.es involved in 
coagulation or fibrinolysi. (e.g. p ias.i„ or pla«na kallikrein) 
or the co.ple.ent cascade. 



25 



30 



35 



one advantage of TFPI Kunitz-type dcain in is that it has a 
negative net charge a. opposed to aprotinin which, a. indicated 
above, ha. a .trongly positive net charge. It is therefore 
possible- to construct variant, of the invention with a lower 
positive net charge than aprotinin, thereby reducing the ri.Jc of 
Xidney daaage on adainistration of large doses of the variants 
Another advantage i. that, contrary to aprotinin, it is a huaan 
protein (fragaent) .o that undeeired immunological reaction, on 
administration to humans are significantly reduced. 

DETAILED DISCLOSURE OF THE INVENTION 

Exaaples -of preferred variants of Kunitz-type doaain III of TFPI 
are variants wherein x' is Gly-Pro; or wherein X* is an a.ino 
acid residue selected fro. the group consisting of Ala, Arg, 
Thr, Asp Pro, Glu, Lys, Gin, Ser, II and Val, i„ particular 
wherein X is Thr or Arg; or wherein X s is an a.in acid residue 
•elected fro. the group consisting f Pro, Thr, Leu, Arg, Val 
and lie, in particular wh r in X 5 is Pr or Leu; or wherein X* is 
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an amino aoid residue selected from the group consisting of 
Lys, Arg, Val, Thr, lie, Leu, Phe, Gly, Ser, Met, Trp, Tyr, Gin, 
Asn and Ala, in particular wherein X* is Lye, Val, Leu, lie, Thr, 
Met, Gin or Arg; or wherein X s is an amino acid residue selected 
5 frea the group consisting of Ala, Gly, Thr, Arg, She, Gin and 
Asp, in particular wherein X s is Ala, Thr, Asp or Gly; or wherein 
X* is an aaino acid residue selected from the group consisting 
of Arg, Ala, Lys, Leu, Gly, His, ser, Asp, Gin, Glu, Val, Thr, 
Tyr, Phe, Asn, lie and Met, in particular wherein X 6 is Arg, Phe, 

10 Ala, Asn, Leu or Tyr; or wherein X 7 is an amino acid residue 
selected from the group consisting of lie. Met, Gin, Glu, Thr, 
Leu, Val and Phe, in particular wherein X 7 is He or Glu; or 
wherein X* is an amino acid residue selected from the group 
consisting of He, Thr, Leu, Asn, Lys, Ser, Gin, Glu, Arg, Pro 

15 and Phe, in particular wherein X s is He or Asn; or wherein X 9 is 
an amino acid residue selected from the group consisting of Arg, 
Ser, Ala, Gin, Lys and Leu, in particular wherein X 9 is Arg; or 
wherein X 10 is an amino acid residue selected from the group 
consisting of Gin, Pro, Phe, lie Lys, Trp, Ala, Thr, Leu, Ser, 

20 Tyr, His, Asp, Met, Arg and Val, in particular wherein X 10 is Val 
or Lys; or wherein X 11 is Ser or Gly; or wherein X u is an aaino 
acid residue selected from the group consisting of Gly, Met, 
Gin, Glu, Leu, Arg, Lys, Pro and Asn, in particular wherein X n 
is Arg or Glu; or wherein X 13 ie Ala or Gly; or wherein X w is an 

25 amino acid residue selected from the group consisting of Lys, 
Asn and Asp, in particular wherein X w is Lys or Asn; or wherein 
X 15 is an amino acid residue selected from the group consisting 
of Val, Tyr, Asp, Glu, Thr, Gly, Leu, Ser, He, Gin, His, Asn, 
Pro, Phe, Met, Ala, Arg, Trp and Lys, in particular wherein x" 

30 is Lys or Thr; or wherein X 14 is Gly. In a preferred embodiment, 
X 1 is Lys-Pro and X 1 * is Gly, while X*-X 15 are as defined above. 

variants of TFPI Xunitz-type d main III of the invention should 
preferably n t contain a M t residue in the proteas binding 
35 region (i.e. th amino acid residues r presented by X s -X w ) . By 
analogy to al-PI described above, a Met residu in any one f 
these position* would make the inhibitor sensitive t oxidative 
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inactivtion by oxygen metabolites produc « d bv A 
conversely, i acJc ot m - F ^° ia by PMN *' *nd 

render theVilit ' i^ItSSt JT P ° Siti ° n ' 
aetabolites. in tt# P re * Mc « of such o*yg.„ 

5 

177^:1 'J'L'™*, V4rUnt " °" " - in which 

on. or »r. of th. «lno acid reeidu.. l0 cat«I .t th. prot....- 

.it. of th. Kunit, dcain a... .„. „ «,„ P of ""u 

MM, to potion. 1 3 , 15 , „, 17 , ls , Uf 20, 34, 39 

P««nt in th. portion, of nativ. .protinin. ihi. variant 
eo-pri.u th. folioving win. aeid ..^enc. 

<^ *w s.r Trp cy. L.u Jhr Pro Ala ».p Ar, My Pro cy. Ly. Ala 

v.1 Tyr S1 y aly cy. Arg Ala Ly. filu am Am Ph. Ly. s .r Ly. 
° ln 61 » <*' *- *^ «. cy. L». Ly. «y (SIa ID Ho . £ . L) " 

»«oth« th. invanticn r.l.t„ t „ . «» con.tr** 

•"oodln, . huwn Kunltt-typ. inhibitor domain variant according 
to th. invntion. OKA con.tr.ct of th. invention «y h. 
prapawd .ynth.tic.lly hy Mtiblin* .u„d.rd wthod., th. 
Pho.phoa.ldlt. „thod d..orlh.d by S . L . Beaucag. and M.„. 
f f^*"' T « tel " 1 """ B " 'UTttTI ??, 1981, pp. 1859-1869, or th. 

ZTTJ""""* " y «* « 1 - - 1984, pp. 

•01-805. According to th. pho.phoa.idit. method, 
oligon«cl. 0 tid« ar. .ynthwi,.*, .... in „ ntomUo DNA 
.ynth..lz. r , p^rifiad, llj(lt . a clOMd in „ uUabl . 

veer or» . 

TFPI ftnlf^p. domain m (e.g. obtained by screening a 
genomic or cDNA library for DNA coding for TPPI using synthetic 

d^inTrr 0 !^ Pr ° beS "* tt coding for 

domain ill therefrom). The DNA seguenc is » dl fied at one or 

mor sites corresponding t the sit.(s) at which it is desir d 

t introduce amino acid substitutions, e.g. by site-directed 
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mutagenesis using synthetic oligonucleotides encoding the 
desired amino ecid sequence for homologous recombination in 
accordance with wcai-taiovn procedures* 

5 In a still further aspect, the invention relates to a 
recombi n a n t expression vector which comprises a DMA construct of 
the Invention. The recombinant expression vector may be any 
vector which may conveniently be subjected to recombinant DKA 
procedures, and the choice of vector will often depend on the 

10 host cell into which it is to be introduced. Thus, the vector 
may be an autonomously replicating vector, i.e. a vector which 
exists as an extrachromosomal entity, the replication of which 
is independent of chromosomal replication, e.g. a plasmid. 
Alternatively, the vector may be one which, when introduced into 

15 a host cell, is integrated into the host cell genome and 
replicated together with the chromosome (s) into which it has 
been integrated. 

In the vector, the DKA sequence encoding the TPPI Kunitz-type 
20 domain ZXZ variant of the invention should be operably connected 
to a suitable promoter sequence. The promoter may be any DMA 
sequence which shows transcriptional activity in the host cell 
of choice and may be derived from genes encoding proteins either 
homologous or heterologous to the host cell. Examples of 
25 suitable promoters for directing the transcription of the DNA 
encoding the TFPX Kunitz-type domain ZXX variant of the 
invention in mammalian cells are the SV 40 promoter (Subramani 
et al. f Kol. Cell Biol. 1, 1981, pp. 854-864), the KT-1 
(metallothionein gene) promoter (Palmiter et al., science £22, 
1983, pp. 809-814) or the adenovirus 2 major late promoter. 
Suitable promoters for use in yeast host cells include promoters 
from yeast glycolytic genes (Hitzeman et al . , J. Biol. Cham. 

1980, pp. 12073-12080; Alber and Kawasaki, J. Mol. AppI, 
fifiOi. A, 1982, pp. 419*434) or alcohol dehydrogenase genes (Young 
•t ai., in genetic Engineering of IrtgroorrenigM for Ch«n>ig*lg 

(Roliaender et al, eds.), Plenum Press, New Y rk, 1982), or the 
Z£X1 (US 4, 599, 311) r A2S2=l£ (Russell et al., HaJtaiEA 2flA, 
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Procter (Kdcnlght .t el a- » T inilt *«ce, the Ajjm 
or the taiA promoter. " lU 1985 ' «>• 2093-2099) 

5 

The ^ »«guence •ncoding the tpk * 

variant of the invention L .1 ^ ^ lt " typ# doaain 

•uitaMe termiL^I T * l *° * ° Perably c «»nnected to a 

* (Alher J^^^J^t ° r ff ° r *»» the im 

a. Poly«denylatio„ .il"? " y * COTpriM elea « it « 8U <* 

wwencer) and translational enhancer sequences <* a 
5 encoding adenovirus VA r»a«) . ••^•«ces (e.g. the ones 

^r r r.^ 1 ;r s ;r MflioB vertor of ~ ion 

host cell in^au» ^ * • nabUn9 vec ^ to replicate in the 
aow cel1 in question. An exaanles of - u ^>. . 

host cell i. a * of such a sequence (when the 

methotrexate, or the s C h J w ' ne0Bycin ' ^roaycin or 
*y p.f. Russeii, sens Afl, „„, pp< 125 . 130< 

Wis procedures used to r,» T » 

TPPi xtaik, * " 9 tte DNA "fences coding for the 
into s«it«,,. \ ' r "P eoti ™ly- «*» to iwtt 

^ tit rrr" rrr 9 inforMtio,> — — * *- 
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The host cell into which the expression vector of the invention 
is introduced may 2m any cell which Lb capable of producing the 
TFPI iCunitz-typs domain III variant of the invention and is 
preferably a eufcaryotic cell, such ae a mammalian, yeast or 
5 fungal cell. 

The yeast organism used as the host cell according to the 
invention say be any yeast organism which/ on cultivation, 
produces large quantities of the TFPI Kunits-type domain III 

0 variant of the invention. Examples of suitable yeast organisms 
are strains of the yeast species g&ccharomyc«g saxssdLMia&r 
SaccharomvcM frluyveri , SchiggaaCgharqiVCtf fifiBbe or 
saccharomvcss uvarum. The transformation of yeast cells may for 
instance be effected by protoplast formation followed by 

5 transformation in a manner known fitC Aft- 

Examples of suitable mammalian cell lines are the COS (ATCC GRL 

1650), BHK (ATCC GRL 1632, ATCC CCL 10) or CEO (ATCC CCL 61) 

cell lines. Methods of transf acting mammalian cells and 
o expressing DNA sequences introduced in the cells are described 

in e.g. Kaufman and Sharp, J . Mol. Biol. 159, 1982, pp. 601*621; 

Southern and Berg, J. Mol. Appl. Genet. X, 1982, pp. 327*341; 

Loytar et al., Proc. Katl. Acad. Scl. USA 79, 1982, pp. 422-426; 

Wigler et al., call i±, 1978, p. 725; corsaro and Pearson, 
5 Somatic Cell Genetics 2, 1981, p. 603, Graham and van der Eb, 

Virology 51, 1973, p. 456; and Neumann et al. , BMBQ J. 1, 1982, 

pp. 841-845. 

Alternatively, fungal cells may be used as host cells of the 
D invention. Examples of suitable fungal cells are cells of 
filamentous fungi, e.g. Aspergillus spp. or Meuroaoora spp., in 
particular strains of Aspergillus orvzae or Aspergillus niaes* 
The use of Aspergillus spp. for the expression of proteins is 
described in, .g. , EP 238 023. 

5 

•The present inv nti n further relates to a method f producing 
a TFPI Kunitz-type domain III variant according to the 
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invention, the method comprising culturino • c .n „ < 
abov. ^ coitions conducTve to Z ^ r J io T\7T 
variant an* recovering ^ rMulting ^^T^ 

^ c.^! J, 9 " aaBaUan 08118 or deluding 
vUl * "cr.t.d by the host cell, to th. growth medium and may 
10 lla^r 0r '!. th#r ' frOB ^ COnVentional Procedure, including 

SST T 118 fr °" **** * ««trifug.tion 2 
filtration, precipitating the protainacaous covenants of the 

2fT " mt " te by ManS ° f a ionium 

oroc^ PUrifiCatlen bV a variety of chromatographic^ 
procedure, .. g . lon 

15 chromatography, or the like. affinity 

c^Ls^iT ln ?? iOB al> ° r#latM t0 ° tical 
composition comprising a TFPi KUnits-typ. domain in variant of 

the invention together with a pharmacutically acceptable 
va^ " ^ ^ ~itl« of th. invention, the 

fT!T,T y * f0rWllat ^ * * «>• «tabliehed method, of 
ll^Z^ >*""««ti«l compositions, e.g. .. Ascribed in 

^^l?™ W1ni1 * r i m ™ g ' 1985 * ^ composition may 

23 ^ ' v \ f0 ™ ^ ^ 8V8tenlC injeCtion or 

and may, as such, foraulated vith , t€rUe water or 

isotonic saline or glucose solution. 

The TFPI Kunitz-type domain III variant of the invention is 
therefore contemplated to be advantageous to us. for the 
TZTT aPPUCati0nS nativ. aprotinin or 

Lo^ Vitb 0thBr P«filae, in particular 

those which necessitate the us. of large aprotinin doses. 
Therapeutic application, for which the us. of the variant of the 
invent! n is indicated as a result of it. ability to inhibit 
human serine proteases, e.g. trypsin, P l...i», Jcaiiikrein, 
elastase, cath psin 6 and proteinase-3 , include (but are not 
limited to) acut pancreatitis, inflammation, thr mbocytopenia, 
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preservation of platelet function, organ preservation, wound 
healing, shock (including shock lung) and conditions involving 
hyperfibrinolytic haemorrhage, emphysema, rheumatoid arthritis, 
adult respiratory distress syndrome, chronic inflammatory bevel 
5 disease and psoriasis, in other words diseases presumed to b« 
caused by pathological proteolysis by elastase, cathepsin 6 and 
proteinase-^ released from triggered PMHs. 

Furthermore, the present invention relates to the use of TFPI 
10 Kunitz-type inhibitor domain III or a variant thereof as 
described above for the preparation of a medicament for the 
prevention or therapy of diseases or conditions associated with 
pathological proteolysis by proteases released from 
overstimulated PJOfs. As indicated above, it may be an advantage 
15 of administer heparin concurrently with the TFPI Kunitt-type 
inhibitor domain III or variant. 

Apart from the pharmaceutical use indicated above, TPPI Kunitz- 
type domain II or a variant thereof as specified above may be 
20 used to isolate useful natural substances, e.g. proteases or 
receptors from human material, which bind directly or indirectly 
to TFPI Kunitz-type domain II, for instance by screening assays 
or by affinity chromatography. 
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SBQBBKE I2SZQC 

(D 



(i) AFPLECINT: 

(BJ ggggr: novo m i 
(C) Cm: P ags v a ul 

S 2P SHDN8s 4444 8888 
J5 5»WC» *« 4449 32K 
(I) m&<: 37304 

Variant aaaan »«iti-^pe Protease Inhibitor 

(Hi) NOffiER OP SBODBKS: 2 
(iv) c q°^ i RgMftBL£ raw; 

2 JEEP* 5 nc By 

J WTOBWB. JWantln Release #1 . 0 , verlm 11.25 ^ 
(2) DOtHftnCN KR SBQ H> NO: 1: 

W UMSH: 57 amino acids 
(B) TOPE: amino *cl d 
(Q SH&NEHXBSS: single 
P) TOKttot»: linear 

(li) Wtaam THE: protein 

(vi) CRZSZNAL SCCRCB: 

(A) ORSMnaf: synthetic 

t*D 8BGPBKZ EESCRIFnCW: SBQ ID NO; 1; 

10 25 

^^^ASnser^neGlyl^cysA^ae 

^iVr^aiyc^xaaxaa^aiuAsn^^^sl^^ 

50 55 

C2) MCRftaam fcr sbq a> no: 2; 
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(i) SBQQDSO (SMttCIBtZSTICS: 

(A) I8XZZE: 58 amino adds 

(B) IQK amino acid 
(D) UaSOUXX: linear 

(11) maCDB IBS: protein 

(vi) CEXSQAL S0Q&2: 

(A) OGNHau synthetic 



(xi) SBCPEMCE EESOOFnON: SBQ ID ND: 2: 

avProS^TipC^I«ulbrP»Ala^Arg<nyPtoCy8lysAla 
15 10 15 

AtgXlallaAtgBMl&rTyrAanSar^IUClyltfsCys 5,30 
20 25 30 

t*m> Tftil Tyr ffly CLy Cya Glv ACT Iys Glu A« ASB R» Iy» 8ar IyB 
35 40 « 

GajiGlucy»LeuArgAlaCysly»ly8Gly 

50 55 
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CIAZKS 

warning Us. following aiino acid saquue* 
X" 8« Trp cy. Lm, mr ^ M> ^ ^ 

- * ^\T^\r sn Ly - sin siu 

*«^> «* "Pr..^,t. . er M n.tur.Uy ooeurrln, „i no , cld 

fro. th. corw.pondin, «i no , eld rMldu . of tt . 
native sequence. 

20 

2. A variant according to clai. i, wherein x' i. Gly-Pro. 

rI.^ Varlant aCCOrdin9 to «*«ei„ x» i. an amino acid 

reeidu. .e lftct . d froa ^ ^ cons id 

« Asp, pro, 6iu , ^ flla# Jle an<J yai ^ Arg ' 

4. A variant according to claim 3, wherein X* i. Thr or Arg . 

30 LLu^T aCCOrdln9 tG clai » X' ia an amino acid 

rtlt frOT — - **. 

6. A variant according to claim s, wherein x» i. Pro or Leu. 

" Lf/^T aCC0rdln9 t0 ^«ein X* i. an a»ino acid 

residue ael cted fro. th. group conai.ting of Ly., Arg, v.l, 
*hr, u , Le U , p^, Gly , s r# ^ ^ ^ ^ ^ ^ 
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8. A variant according to claia 7, wherein X* is Lys, Val, Leu, 
lift, Thr, Met, Gin or Arg. 

9. A variant according to claia 1, vherain X s if an amino acid 
5 residue salactad from the group consisting of Ala, Gly, Thr, 

Arg, Phe, Gin and Asp. 

10. A variant according to claia 9, wherein X 5 is Ala, Thr, Asp 
or Gly. 

10 

11. A variant according to claia 1, wherein X* is an amino acid 
residua selected from the group consisting of Arg, Ala, Lys, 
Leu, Gly, His, ser, Asp, Gin, Glu, Val, Thr, Tyr, Phe, Asn, lie 
and Met. 

15 

12. A variant according to claia 11, wherein X* is Arg, Phe, Ala, 
Asn, Leu or Tyr. 

13. A variant according to claim 1, wherein X 7 is an amino acid 
20 residue selected from the group consisting of lie, Met, Gin, 

Glu, Thr, Leu, val and Phe. 

14. A variant according to claia 13, wherein X 7 is lie or Glu. 

25 15. A variant according to claia 1, wherein X s is an amino acid 
residue selected froa the group consisting of lie, Thr, Leu, 
Asn, Lys, Ser, Gin, Glu, Arg, Pro and Pha. 

16. A variant according to claia 15, wherein X 8 is He or Asn. 

30 

17. A variant according to claim 1, wherein X 9 is an amino acid 
residue selected froa the group consisting of Arg, Ser, Ala, 
Gin, Lys and Leu. 

35 18. A variant according to claim 17, wherein X* is Arg. 

19. A variant according t claia 1, wherein X 10 is an amino acid 
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^ ' TIP ' *V. A.p, „.t, te, „«, 

20. A vari.nt .ccordin, to cUU 19, wh«.in x» i. or Ly .. 
SI. A variant aeeordin, to «l«l> 1, u g . r „ r Wy 

U " . *»■ tb. Con.i«i», of „ y , „. t , ^ 

10 em, im, Arg, Ly«, Pro and Are. 

23. * variant according to elal. 2S, vhoroin x» 1. Al. or i*u. 
»*. A variant .ceording to clai. l( vhmin x» i. Al. or oly. 

* VSrlMt »<*°rdino to cl.i, 1, wh«.in x" i. an Mine .old 
r«l«u. fro. tha group con,i.ting of ly., *,» .nd Asp . 

2«. A variant according to claia 23, vh.r.in x» i. ly. or A.n. 

« A vari . nt ac60rilj)a t „ 1( x „ 1(> ^ ^ 

r 'V* Ct * d fr °" *"* of Val, Tyr, A.p, 

«u, Ihr, Gly, l.u, „ f II., „„, M n, Pro, *«, Ala 

Arg, Trp and Ly». 



15 



20 



25 



28. A variant according to claia 27, vharain x" i. Ly. or Glu. 

29. A variant according to claia 1, vharain x w is ciy. 

30 i^*61y Variant aC ° 0rding t0 Claia l ' Wharein *' " Sly-Pro «a X* 

31. A variant according to claia 1 coaprising tha following 
aaino acid s quanca 

35 

Gly Pro S r Trp cy 8 Leu Thr Pr Ala Aap Arg Gly Pr Cy. Lys Ala 
ila 11 Arg Ph Tyr Tyr Asn sar Val Ha «y Lys cys Arg Pr 
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Pha Vial Tyr Cly Oly Cys Sly Arg Lya Glu Aan Aan Fha Lya s«r Lye 
Gin Glu Cya Lau Arg Ala Cya Lya Lya Gly (SEQ ID Mo. 2). 

32* A DMA construct comprising a DNA sequence encoding a human 
5 Kunits-type protease inhibitor variant according to any of 
claims 1-31. 

33. A recombinant axprassion vactor comprising a OKA construct 
according to claim 32. 

10 

34. A call containing a DNA construct according to claim 32 or 
an axprassion vector according to claim 33 . 

35. A method of producing a human Kunitz-type protease inhibitor 
15 variant according to any of claims 1-31, the method comprising 

culturing a cell according to claim 34 under conditions 
conducive to the expression of the protein, and recovering the 
resulting protein from the culture. 

20 36. A pharmaceutical composition comprising a human Kunitz-type 
protease inhibitor variant according to any of claims 1*31 and 
a pharmaceutical^ acceptable carrier or excipient. 

37. A composition according to claim 36 which further comprises 
25 heparin. 

38. Use of human Kunitz-type protease inhibitor domain III of 
TFPI or a variant thereof according to any of claims 1-31 for 
the preparation of a medicament for the prevention or treatment 

30 of diseases or conditions associated with pathological 
proteolysis . 
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